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Since Superfund's inception in 1980, the remedial and removal programs have found that certain categories of sites have
s imi la r characteristics, such as types of contaminants present, types of d isposal practices, or how env i ronmenta l media
are affected. Based on information acquired from evaluat ing and c lean ing up these sites, the Superfund program is
undertaking an initiative to develop presumptive remedies to accelerate fu ture c leanups at these types of sites. The
presumpt ive remedy approach is one tool of acceleration within the Super fund Accelerated Cleanup Model (SACM).

Presumpt ive remedies are preferred technologies for common categories of sites, based on historical patterns of remedy
selection and EPA's scientific and engineering evaluation of performance data on technology implemen ta t ion . The
objective of the presumpt ive remedies ini t ia t ive is to use the program's past experience to s t reamline site inves t iga t ion
and speed up selection of c leanup actions. Over t ime presumptive remedies are expected to ensure consistency in remedy
selection and reduce the cost and time required to cleanup similar types of sites. Presumpt ive remedies are expected
to be used at all appropriate sites except under unusual site-specific circumstances.

This directive identifies the presumptive remedies for Comprehensive E n v i r o n m e n t a l Response, Compensation, and
Liabil i ty Act (CERCLA) sites with soils contaminated by volatile organic compounds (VOCs). In addition, EPA is
developing guidance on presumptive remedies for wood treatment, municipal landfill, PCB, grain storage, coal
gasification, and contaminated ground-water sites. EPA has also developed a direct ive entitled Presumptive Remedies:
Policy and Procedures, (Directive 9355. 0-47FS) w h i c h outlines and addresses the issues common to all presumpt ive
remedies (e.g., role of innovative technologies, consistency with the NCP, State, community involvement).

PURPOSE

The purpose of this directive is to provide guidance on
selecting a presumptive remedy at sites wi th soils
contaminated with VOCs. Specifically this guidance:

• Presents the presumptive remedies for this site
type;

• Describes the presumptive remedy process in terms
of site characterization and technology screening
steps; and

• Outlines the data required to select these
presumptive remedies.

Since a presumptive remedy is a technology that EPA
believes, based upon its past experience, general ly w i l l
be the most appropriate remedy for a specified type of
site, the presumptive remedy approach wi l l accelerate

site-specific analysis of remedies by focusing the
feasibi l i ty study efforts. Where several presumptive
remedies are identified, EPA believes that all deserve
substantial consideration before utilizing the
presumpt ive remedy approach. EPA personnel should
review the directive entitled Presumptive Remedies:
Policy and Procedures (Directive 9355.0-47FS) for
general in format ion on the p resumpt ive remedy process.

Soil vapor extraction (SVE), thermal resorption,
and incinerat ion are the presumptive remedies for
Superfund sites wi th VOC-contaminated soil assuming
the site characteristics meet certain criteria. Table I
provides a brief description of each of these presumptive
remedies.

The decision to establish these technologies as
presumpt ive remedies for this site type is based on
EPA's co l lec t ive knowledge about site inves t iga t ion
and remedy selection for VOC-con t amina t ed soils,
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TABLE 1
Presumptive Remedies for VOCs

in Soil

Soil Vapor Extraction • Soil vapor extraction
(SVE) is an in-situ or ex-situ process which
physically removes contaminants from vadose
zone soils by inducing air flow through the soil
matrix. The flowing air strips volatile compounds
from the solids and carries them to extraction
wells. The recovered vapors may require further
treatment. In-situ SVE is the primary focus of this
document.

Thermal Resorption - Thermal desorption is an
ex-situ process that uses direct or indirect heat
exchange to vaporize organic contaminants from
soil, sediment, sludge or other solid and semisolid
matrices. The vapors are then condensed or
otherwise collected for further treatment.

Incineration - Incineration is an ex-situ
engineered process that employs thermal
decomposition via oxidation at temperatures
usually greater than 900 °C to destroy the organic
fraction of the waste.

The major difference between thermal desorption
and incineration is that incineration oxidizes
organic compounds, thereby destroying the
hazardous material. Thermal desorption
volatilizes contaminants, then concentrates them.
Thermal desorption reduces the volume of
contamination, but the concentrated waste stream
still requires treatment. Disposal or treatment of
residual waste stream, ash, and concentrated
VOC effluent is not covered by this directive.
Options such as off-site disposal/regeneration or
reuse should be considered.

i n c l u d i n g field experience from the Super fund , Resource
Conservation and Recovery Act (RCRA), and
Underground Storage Tank (UST) programs. In addit ion,
EPA conducted an analysis of FY86 to FY9! Records of
Decision (RODS) for sites where VOC contaminat ion
drove remedy selection. The results of this analysis,
which are provided in Appendix A, demonstrate that these
three technologies represent over 90% of the remedies
selected in the RODS analyzed.

USE OF DOCUMENT

T h i s d i r e c t i v e i s p r i m a r i l y i n t e n d e d f o r u s e b y S u p e r f u n d
s i te m a n a g e r s H o w e v e r , s u e m a n a g e r s i n o t h e r programs
( s u c h a s R C R A cor rec t ive act ion, the UST p r o g r a m ,
States), and the p r i v a t e sec tor , may a lso use this d i rect ive .

This d i r e c t i v e is not a "stand alone" d o c u m e n t . To ensure
a f u l l u n d e r s t a n d i n g of VOC site charac te r i za t ion and
remedy selection, site managers should refer to all
documents cited in the directive. For assistance in
u n d e r s t a n d i n g complex site condi t ions , an experienced
site manager , the presumptive remedy expert team, the
S u p e r f u n d T e c h n i c a l Assistance and Response Team
( S T A R T ) t eam, or the E n v i r o n m e n t a l Response Team
should be consulted.

ANTICIPATED BENEFITS OF
PRESUMPTIVE REMEDIES

Use of t h i s d i rec t ive wi l l reduce cost and t ime in remedy
selection at VOC sites in the following ways:

I. The direct ive facilitates identif icat ion of the presumed
or likely remedial options early in the investigation
process, hence a l lowing for a more focused collection
of data dur ing the remedial investigation (Rl) or
removal site eva lua t ion . In addition, knowledge of
the p resumpt ive remedy may facilitate collection of
some remedial design data before the ROD or action
memo, thereby a l lowing the action to proceed more
qu ick ly after signature of the decision document.

2. This d i rec t ive el iminates the need for the initial step
of i den t i f y ing and screening a variety of alternatives
dur ing the Feasibili ty Study. Addit ional ly , i t wil l
reduce the number of technologies identified and
analyzed in the EE/CA. The National Oil and
Hazardous Substances Pollut ion Contingency Plan
(NCP) (Section 300.430(e)(l)) states thai "the lead
agency shall include an alternatives screening step,
when needed, (emphasis added) to select a reasonable
n u m b e r of al ternatives for detailed analysis." EPA's
analysis of feasibility studies for VOC-contaminated
soil sites (see Appendix A) found that certain
technologies are routinely screened put based on
effectiveness, implementabili ty, or excessive costs,
consistent with NCP Section 300.430(e)(7).
Accordingly, EPA has determined that, when using
presumpt ive remedies at VOC-contaminated sites,
site-specific identification and screening of
a l ' e r n s t i v e s is not necessary. However, this directive
and s u p p o r t i n g documenta t ion (see "Feasibility Study
Analys i s for CERCLA Sites wi th Volatile Organic
C o m p o u n d s in Soils") should be included in the
Administrative Record for all sites that use the
presumpt ive remedy(ies) to document the basis for
eliminating the "site-specific identification and



TABLE 2
Typical VOCs Addressed by this

Directive

Halogenated Volatile Organics

Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
1,1-Dichloroethane
1,1-Dichloroethylene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloroelhylene
1,2-Dichloropropane -
1,4-Dichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroethane
Ethylene Dibromide
Methylene Chloride
Tetrachloroethylene
Trichloroethlyene
Vinyl Chloride

Non-Haloaenated Volatile Oraanics

Ketones/Furans
Acetone
Methyl Ethyl Ketone
Methyl Isobutyl Ketone

Aromatics
Benzene
Ethyl Benzene
Styrene
Toluene
m-Xylene
o-Xylene
p-Xylene

Note: Other compounds that have physical/chemical
characteristics similar to the compounds listed may
also be addressed by the presumptive remedy
process.

screening of technologies" section. In addition, other
supporting mater ia l s (e.g., FS reports included in the
analysis , t echnica l reports) wi l l be made available at
EPA Headquar ters and are avai lable for inclusion in
the A d m i n i s t r a t i v e Record if needed.

3. This d i rec t ive s t reamlines the detailed analysis portion
of the FS. R e m e d i a l a l t e rna t ives developed for a site
mus t be evaluated against the nine cri teria (required
under NCP Section 300.430(e)(9)). Under this

p r e s u m p t i v e r e m e d y a p p r o j c h . i h e d e t a i l e d a n a l y s i s
c a n b e l i m i t e d 1 0 t h e i h r e e p r e s u m p t i v e r e m e d i e s ( i n
addit ion to the no-action al ternat ive) , thereby
s t r e a m l i n i n g t h a t p o r t i o n o f t h e F S . A p p e n d i x B
p r o v i d e s a g e n e r i c e v a l u a t i o n o f the p r e s u m p t i v e
r e m e d i e s fo r s e v e n o f the n i n e c r i t e r i a . T h i s e v a l u a t i o n
may serve as a basis for each detailed analysis
conduc ted u n d e r the p r e s u m p t i v e r emedy process
and s h o u l d be a u g m e n t e d , as needed , to address site-
spec i f i c condi t ions .

One of these p r e s u m p t i v e r emed ies is expected to be used
for a l l VOC sites except unde r u n u s u a l c i r cums tances .
Such circumstances may include unusual site soil
character is t ics , demonst ra t ion of s ign i f ican t advantages
of a l te rna te (or o the r i n n o v a t i v e ) technologies over the
p resumpt ive remedies, or ex t raord ina ry c o m m u n i t y and
state concerns. If such circumstances are encountered,
additional analyses may be necessary or a more
convent iona l de ta i l ed RI /FS may be performed.

PRESUMPTIVE REMEDIES PROCESS

This section and the accompanying diagram (Figure I )
describe the sequence of steps involved in the presumptive
remedy process (site charac ter iza t ion and technology
selection) for sites conta in ing soil con t amina t ed wi th
VOCs. While the process is not mandatory , EPA believes
that following the steps outl ined below wi l l expedite the
clean-up process for this category of sites.

SVE is the p r i m a r y presumptive remedy. SVE has been
selected most frequently to address VOC contaminat ion at
Super fund sites and i n i t i a l performance data indicate that
it ef fect ively treats waste in place at a re lat ively low cost.
In cases where SVE will not work or where there is very
highly concentrated contaminat ion, thermal desorption
may be the more appropriate response technology. In a
limited number of situations, incineration may be more
appropriate.

The numbered paragraphs below correspond to the
numbered steps in Figure 1 and provide a detailed
discussion of each step.

1. Are VOCs Present in the Soil? The f i rs t step is to
determine whether VOCs are the major contaminant
present in soil at the site. Table 2 lists the VOCs that
are amenab le to the presumptive remedies outlined in
this directive. If VOCs are present at levels of
concern (see forthcoming guidance on soil screening
l e v e l s ) , then the presumptive remedies out l ined in
this d i rec t ive may be applicable. However , if it is
confirmed (at t h i s point or at any later point during the
presumpt ive remedy process) tha t there are no VOCs
present in the soil, then t h i s d i rec t ive is not appl icable
for use in technology selection at the site.



FIGURE 1
Decision Tree for Investigating and Selecting a Remedy at Solvent Sites
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M o s t l i k e l y , t h i s a n a l y s i s w i l l occur d u r i n g s c o p i n g
o f t h e R l F S o r E E ( 'A . H o w e v e r , i h e r e m a x b e o n l y
l i m i t e d i n f o r m a t i o n a v a i l a b l e a t t h a t t i m e a b o u t t h e
s i t e . T h e r e f o r e , w h a t e v e r i n f o r m a t i o n i s a v a i l a b l e
should be used to d e t e r m i n e w h e t h e r VOCs are present
or s u s p e c t e d in the soi l based on p r i o r use . C h e m i c a l
use at a site can be a sce r t a ined from a n u m b e r of
sources such as f a c i l i t y records, p r e v i o u s s a m p l i n g
efforts by local or State agencies or through
I n f o r m a t i o n Request letters.

2. Arc Xon-VOC Contaminants Present That Preclude
the Use of Presumptive Remedies? In add i t ion to
d e t e r m i n i n g w h e t h e r VOCs are present in the soil , i t
is also necessary to identify other non-VOC
contaminan t s , if any , present in the soil.

The site character izat ion and technology selection
procedures out l ined in this directive are recommended
for use p r i m a r i l y on soil con t a in ing VOCs only . See
Table 2 for VOCs that are amenable to the presumpt ive
r e m e d i e s .

For sites c o n t a i n i n g a m i x t u r e of VOCs and other
con t aminan t s in soil, the presumpt ive remedies should
be considered only if they can also be effective in
removing the non-VOC contaminants or combined
w i t h other, non-presumpt ive remedies in a t reatment
t rain, a s suming the presumptive remedies do not
exacerbate the problems presented by the non-VOCs.
For example , si tes wi th VOCs and metals commingled
in soil may be ef fec t ive ly remediated by employing
SVE to remove VOCs followed by fixation or
solidification to address the metal contamination. In
contras t , a VOC and po lya romat ic hydrocarbons
( P A H s ) con taminan t combination may be treated
more appropr ia te ly wi th a single biological t reatment
scheme that would be effective for both the VOCs and
PAHs. Note that sites containing mixtures of VOCs
and non-VOCs are varied, and, for this reason, remedy
selection may be more complicated than the
framework presented in this directive; therefore, the
presumptive remedy analysis may need to be
supplemented or modif ied on a site-specific basis.

3 . Initiate Early Community, State, and Potentially
Responsible Party (PRP) Involvement. As early in
the clean-up process as possible, EPA should notify
the c o m m u n i t y , State, and any PRPs that a presumptive
remedy is be ing considered for the site. It is important
for all s takeholders to understand completely how the
presumpt ive remedy process varies from the usual
clean-up process and the benefits of using the
presumpt ive remedies process.

Early iden t i f i ca t ion of State applicable or relevant
and appropriate requirements (ARARs) also is a
c r i t i c a l part of t h i s process. Because the presumpt ion
set fo r th in th is d i r e c t i v e is n a t i o n a l in scope, it does

n o t l a k e i n t o a c c o u n t S t a l e A R A R s . F o r t h i s reason .
S t a t e A R A R s r e l a t i n g t o t h e p r e s u m p t i x c r emed ies
s h o u l d be c o n s i d e r e d on s i t e - s p e c i f i c b a s i s . R e g i o n s
m a y w a n t t o s u p p l e m e n t t h i s d i r e c m e b y c o m p i l i n g
(he r e q u i r e m e n t s of the States in t h e i r R e g i o n s tha t are
l i k e h 10 be assoc ia ted w i t h the use of the p r e s u m p t i v e
r e m e d i e s and p l a c i n g them in t he a d m i n i s t r a t i v e
record for a site where p r e s u m p t i v e r emedies are
being considered. This directive along with the
"Feasibil i ty Study A n a l y s i s for C E R C L A Sites w i t h
Volat i le Organic Compounds in Soils" should be
i n c l u d e d in the a d m i n i s t r a t i v e record for the site if one
of the p r e s u m p t i v e remedies is proposed for a p a r t i c u l a r
V O C - c o n t a m i n a t e d site.

4. Review Advantages/Limitations of the Presumptive
Remedies. D u r i n g i n i t i a l site character izat ion, Table
3 s h o u l d be reviewed to consider the advantages and
limitations of the presumptive remedies, This
i n f o r m a t i o n may be useful in prepar ing for and/or
mod i fy ing the site character izat ion or al ternat ives
ana lys i s process. The "Practical Considerations"
section of this directive should also be reviewed at
this time to ensure a comprehensive site
cha rac t e r i za t ion and remedy e v a l u a t i o n .

5. Conduct Site Characterization. Site characterization
for sites using VOC presumpt ive remedies should be
designed to:

• Pos i t ive ly i d e n t i f y the site type (i.e., VOC site);

• Obtain data to determine whether the presumptive
remedy is feasible for the site;

• Focus (and possibly streamline) site
characterization by collecting data to support the
selection of presumptive remedy(ies) only (e.g.,
volume and cost information); and,

• Collect some design data (i.e., pilot studies to
determine radius of influence and flow rates of
SVE) , thereby s t reamlining data collection dur ing
the remedia l design stage.

Table 4 lists the data that are required for
character izat ion of sites wi th soil contaminated w i t h
VOCs. This table also includes the rationale for
collecting these data and references for established
collection methods. Note that bench-scale and pi lot /
treatability studies should be performed whenever
possible concurrent wi th site characterization to define
the parameters that w i l l be impor tan t to designing the
system.

In areas wi th low organic content soil (e.g., a l l u v i a l
basins), or where there are impediments to obtaining
soil samples (e.g., u n d e r b u i l d i n g s ) , soil gas s a m p l i n g



6.

i s h i g h l y r e c o m m e n d e d as a s i te c h a r a c i e n / . a u o n
t e c h n i q u e . I n a d d i t i o n , t h e u s e o f so i l g a s s a m p l i n g
d u r i n g i m p l e m c n i a i i o n o l ' S V E a n d c o n f i r m a t o r y s o i l
s a m p l i n g a f t e r w a r d i s less e x p e n s i v e than c o n s t a n t l y
ins ta l l ing new soil borings, especially for deep
c o n t a m i n a t i o n .

I f i n c i n e r a t i o n or t h e r m a l d e s o r p t i o n i s u n d e r se r ious
cons idera t ion , bench-scale t r ea t ab i l i t y s tudies may
be c o n d u c t e d , e s p e c i a l l y i f meta ls or o the r i n o r g a n i c
compounds are p resen t . The rmal desorption g e n e r a l l y
should be considered if concentra t ions of VOCs are
less than 5 to 10 percent; incineration may be
a p p r o p r i a t e if VOC concentrat ions exceed 5 to 10
percen t . Note tha t e x c a v a t i o n and mix ing of soil can
produce a desorber inpu t of less than 10 percent
contaminant concentration and allow thermal
desorpt ion to be chosen.

A d d i t i o n a l l y , the f e a s i b i l i t y of excava t ion s h o u l d be
determined by eva lua t ing surface contidions and depth
of con taminan t s as well as the potential for any air
emissions associated wi th the excavat ion. Test digs
s h o u l d be monitored closely to assure protection of
the pub l i c and the e n v i r o n m e n t .

It is important to note that during the site
characterization, the vo lume and concentration of
waste cons t i t u t ing the p r i n c i p a l threats a t the s i te
should be identified. The NCP (Section
300.430(a) ( l ) ( i i i ) (A) and A Guide to Principal Threat
and Low Level Threat Wastes, Super fund P u b l i c a t i o n :
9380.3-06FS, November 1991, define p r inc ipa l
threats as source mater ials , inc luding l iqu ids , t ha t are
h ighly toxic or h ighly mobile wastes which g.-nerally
cannot be reliably contained or would present a
signif icant risk to h u m a n health and or e n v i r o n m e n t
should exposure occur. In accordance wi th NCP
expectations, waste consti tuting "principal threats"
posed by a site generally are expected to be treated.
The site manager is encouraged to characterize the
site in terms of p r inc ipa l and low-level threat areas to
determine materials to be targeted for t rea tment and
c o n t a i n m e n t .

Identify Potential ARARs, To Be Considered (TBCs),
and Preliminary Remediation Goals (PRGs). Po ten t ia l
Federal and State ARARs and pertinent TBCs
informat ion should be ident i f ied on a chemica l - ,
location-, and action-specific basis concurrent with
site character izat ion. For a more detailed A R A R s
discussion, refer to the various A R A R s fact sheets.
(See Compendium ofCERCLA A R A R s Fact^heets
and Directives, EPA P u b l i c a t i o n 9347.3-15, Oc tober
1991).

At this step, PRGs should also be ident if ied ( N C P
Section 300.430(e)(2)(c)) . Note t ha t d i f fe ren t h e a l t h

r i s k - b a s e d P R G s a r e o f t e n s e t l o r s o i l s , d e p e n d i n g o n
d e p t h . S h a l l o w s o i l l e v e l s a r e u s u a l l y based bo th o n
d i r e c t c o n t a c t e x p o s u r e a n d p r o t e c t i o n o f g r o u n d
w a t e r , w h i l e l e v e l s f o r deeper s o i l s a r e gene ra l ly
b a s e d o n l y on mass t r a n s p o r t m o d e l i n g o f e f fec ts on
ground water. Ecological effects may also be
i m p o r t a n t t o c o n s i d e r i n s e t t i n g P R G s .

7. Conduct Time-Critical Removal Act ion (ij i\ecessar\-).
During in i t ia l site characterization, data will be
gathered to de te rmine w h e t h e r a t ime-c r i t i ca l removal
act ion w i l l be needed and to determine whe the r the
c o n t a m i n a n t s present are a m e n a b l e to the presumptive
remedies. Time-cr i t ica l r e m o v a l ac t ions , such as
drum removal or actions addressing highly
contaminated (typically smal l vo lumes) of soil, should
be conducted in accordance w i t h current guidance
and regulations. The decision to take a t ime-cri t ical
r emova l action may be made by the Regional Decision
Team (RDT) or if t ime does not permi t , by an On-
Scene Coordinator (OSC) or a Remedia l Project
Manager ( R P M ) in consul ta t ion w i t h an OSC.

8. Is There a Threat Posed by the Site? A risk assessment
mus t be conducted to determine if a suff icient heal th
or environmental threat exists to warrant a removal or
remedial action. (Refer to Risk Assessment Guidance

for Superfund, Volumes I and II, EPA/540/1-89/002
and EPA/540/1-89/001). Where it is determined tha t
such a threat exists, site-specific exposure data can be
used to modify the PRGs identified in Step 6 (NCP
Section 300.430(e)(2)(i)). If it is determined that
such a threat does not exist, no further action at the site
w i l l be required.

9. Proceed With Technology Assessment and Review
"Practical Considerations" section. If the analysis

described in step 8 confirms that the contaminants are
a threat to human health and/or the environment , a
proposed remedy should then be identified.

If this project is a remedial act ion, a detailed analysis
using the nine criteria w i l l be required under NCP
Section 300.430(e)(9)) to just i fy the selection of
remedy decision. Appendix B provides an analysis of
SVE, thermal resorption, and inc ine ra t ion against
seven of the nine selection cr i ter ia . In addition to the
seven criteria discussed in A p p e n d i x B, communi ty ,
and State acceptance must also be eva lua ted . If a non-
time cri t ical removal action is planned, the streamlined
analysis described in the EE/CA gu idance w i l l be
required that uses the three cri teria of effectiveness,
imp lemen tab i i l t y , and cost. D u r i n g t! . technology
assessment, the factors listed in the "Practical
Considerations" section of this directive should be
reviewed to ensure a comprehens ive evaluat ion of
a l t e rna t ives .



10 D ' I I ' S .'/u' Pi lo i T i \ - i i t i i h i l i i \ Snui\ I n J i i j t e t h a t Sl 'E
M Fi ' i ;v i /> A.-'' S V E i s i h c p r i m a r y p r c > u m p m e r e m e d y .
P i l o t t r c a t a b i l i i ) s t u d y i c s l i n g o f S V E s h o u l d b e
c o n d u c t e d p r i o r t o f i n a l r e m e d y s e l e c t i o n . S u c h
t e s t i n g u i l l p roude i n f o r m a t i o n o n t h e r a t e o f r e m o v a l
o f c o n t a m i n a n t s . EPA 5 4 0 ' 2 - 9 1 091A c i t ed i n t he
R e f e r e n c e s sec t ion o f t h i s d i r e c t i v e p r o v i d e s g u i d a n c e
on c o n d u c t i n g the p i l o t / t r e a t a b i l i t y s t u d y . R e m o v a l
e f f i c i e n c i e s a n d t r e a t m e n t e f f e c t i v e n e s s m u s t b e
c a r e f u l l y considered a l o n g s i d e the P R G s i d e n t i f i e d i n
the FS to e s t i m a t e the po ten t i a l for successfu l remedia l
a c t i o n u s i n g S V E .

11. h Thermal Desorption Feasible9 I f SVE w i l l not be
s u f f i c i e n t l y effective in ach iev ing PRGs due to low
p e r m e a b i l i t y , l i t ho logy or i n s u f f i c i e n t removal of
contamination during the pilot study, thermal
desorpt ion should be'considered as the p r imary ex-
s i t u p r e s u m p t i v e r e m e d y .

T h e r m a l desorpt ion technologies cover a var ie ty of
vendors and processes. However , ample data are
a v a i l a b l e to substantiate remedy selection of the rmal
desorption for soil con tamina ted solely w i t h VOCs.

12. Is Incineration Feasible? If contaminant
concentrations and bench-scale testing indicate
t h e r m a l resorption w i l l not achieve desired PRO
leve l s , i nc ine ra t ion is the second ex-s i tu presumpt ive
r e m e d y .

If i nc ine ra t ion is p lanned , and a subs tan t ia l n u m b e r of
inorganic contaminants are expected to be present
based on site charac ter iza t ion data , ma te r i a l s handling
problems, or slagging problems are l ike ly .

If none of three presumptive remeides is considered
to be feasible at a part icular site, it w i l l be necessary
to consider o the r technologies. (For more information,
refer to the Pract ical Considerations section below.)

13. Select Remedy for Remedial/Removal Action. At this
point, there should be enough data to identify a
preferred remedy in the proposed plan and distribute
the plan for publ ic comment . Once the remedy has
been selected in the ROD, the user can proceed to do
a limited design which relies largely on the substantial
amount of design-related data collected dur ing the
RI. The extent of addi t ional or supp lementa l data
required w i l l be determined on a site-specific basis.

Practical Considerations

The f o l l o w i n g factors shou ld be considered p r i o r to taking
any remedial action.

E n f o r c e m e n t : This d i rec t ive applies to fund- l ead sites as
w e l l as to sites where a PRP is conduct ing the i n v e s t i g a t i o n
and/or response action. In the event that there is an

o n g o i n g P R P - l e . n l R I F S . t h e s cope o f w o r k m a y b e
a m e n d e d t o r e f l e c t t h e p r e s u m p t i v e r e m e d y a p p r o a c h t o
s i t e c h a r a c t e r i s a t i o n a n d r e m e d y s e l e c t i o n . T h e p o t e n t i a l
s a v i n g s i n t i m e J n d m o n e y t o b e g a i n e d b y u s i n g t h e
p r e s u m p m e r e m e d y a p p r o a c h a r e e x p e c t e d t o o u t w e i g h
the b u r d e n o f m o d i f y i n g t he scope o f u o r k in m a n y cases .

Initial Site Actions: If the VOC material is st i l l in
original, intact containers, it may be returned to the
m a n u f a c t u r e r ( i f the m a n u f a c t u r e r i s w i l l i n g to accept
these conta iners] , a s s u m i n g this response is a cost-effective
and feasible action as opposed to t reat ing the ma te r i a l .
Reuse of ma te r i a l (i.e.. process l iqu ids and relocation of
e q u i p m e n t to other p e r m i t t e d f ac i l i t i e s ) should also be
cons ide red . Fu r the r , phase separa t ion should be conducted
and recycl ing considered depending on the pur i ty of the
recovered phase or for any ex i s t i ng l iquids tha t are h igh
enough in c o n c e n t r a t i o n . Refer to Append ix C for a list of
the cu r r en t ly recognized waste exchanges .

Site Charac ter iza t ion: Site cha rac t e r i za t i on should
proceed as a single, multi-media activity whenever
possible. Field screening methods should be integrated
into the s a m p l i n g and ana ly s i s p lan in order to accelerate
i n f o r m a t i o n gather ing. Data q u a l i t y m u s t reflect the
u l t ima te use of the i n fo rma t ion .

G r o u n d Water : The decision m a k e r should consider the
ground-wate r strategy for the site since soil c lean-up
levels are often set to protect ground-water quality.
Therefore , g round -wa te r clean-up levels may have a direct
impact on the selected c l ean -up levels for soil. (See
forthcoming guidance on Soil Screening Levels and the
directive entitled Presumptive Remedies: Remedial
Strategy and Treatment Technologies for CERCLA Sites
with Contaminated Ground Water.) It should be noted
that , of the VOC-type contaminants , listed in Table 2, the
halogenated volat i les are dense nonaqueous phase liquids
(dense NAPLs or DNAPLs) and many of the others are
light NAPLs (LNAPLs) in their pure liquid form. If
L N A P L s are present, it may be possible to address thereby
lowering the water table, removing free product (if present),
and app ly ing SVE. To address DNAPLs contamination,
refer to the above mentioned ground-water guidance.

Managemen t of Different Soils: A situation may arise
where h ighly contaminated shallow material cannot be
addressed by SVE. The ac t ion to address this contamination
may differ from the rest of the soil con tamina t ion and w i l l
most l i k e l y i nvo lve inc ine ra t ion or t he rma l desorption. I f
it is suspected tha t soil contaminat ion exist ing at greater
depths w i l l also be treated in this m a n n e r , then the excavated
shal low mater ia l should be staged and stored in order to
treat i t w i t h the deep mate r ia l .

A n o t h e r s i t u a t i o n may arise where VOCs a re mixed w i t h
meta ls , and none of the p r e s u m p t i v e remedies can address
both sets of c o n t a m i n a n t s . The act ion to address this
s i t u a t i o n may consis t of a t r e a t m e n t t r a i n where VOCs are



a d d r e s s e d t h r o u g h S V E o r i h e r m a l r e s o r p t i o n a n d t h e
m e t a l s a r e addressed t h r o u g h f i x a t i o n .

F i n a l l y , i h e s i t e m a n a g e r s h o u l d b e a w a r e o f s i t u a t i o n s
where a m i x t u r e o f p r i n c i p a l and l o w - l e x e l t h r e a t w a s t e s
ca l l f o r t h e u s e o f t r e a t m e n t l i . e . S V E o r t h e r m a l i r e a t m e n t l
o f p r i n c i p a l t h r e a t w a s t e a n d c o n t a i n m e n t ( c a p p i n g ) o f
l o w - l e v e l c o n t a m i n a t i o n . (See A Guide 10 Principal
Threat and Low-Leve l Wastes in Reference Sect ion) .

Off-Site Disposal: In general, it may not be cos t -e f fec t ive
to ship quant i t ies of contaminated soil in excess of 5,000
cubic yards for off-site disposal. For this reason,
p re t r ea tmen t of soil and wa te r may be r equ i red prior to
shipment or discharge to another t reatment fac i l i ty .

Capping: Capping alone is not recommended to control
the migrat ion of VOCs. However, capping can improve
the effectiveness of SVE by decreasing the rate of
i n f i l t r a t i o n of res idual VOCs through the vadose zone in to
the ground water as well as possibly increas ing the radius
of in f luence and p reven t ing "short c i rcu i t ing" of air
pathways in the vic ini ty of the extraction we l l . Capping
can also be used to address non-pr inc ipa l threa t waste
unless it is more cost-effective to treat t h i s waste a long
wi th more h igh ly contaminated mater ia ls .

Patents: SVE is a patented technology. Royalty payments
may be required under certain conditions of
implementa t ion .

A t t a i n m e n t of Remedia t ion Goals: It should be noted
that, like other in-situ technologies, it is difficult to
ascertain with confidence whether SVE will attain
remediation goals u n t i l the action is actual ly i m p l e m e n t e d

l l o x v e \ e r . t h e l o u e r cost a n d ease o f S V E i m p l e m e n t a t i o n
w i l l o f t e n ' . xe i s ih h e a x i l x i n u s f a x o r . a s l one a s p r o t e c t i o n
o t h u m a n h e a l t h a n d t h e e n v i r o n m e n t i s e n s u r e d .

A d d i t i o n a l T e c h n o l o g i e s : I f for some reason none of the
p r e s u m p t i v e r emed ies is a p p l i c a b l e to a p a r t i c u l a r s i te , the
si te manage r is encouraged to refer to E P A ' s for thcoming
d o c u m e n t enti t led C o n t a m i n a n t s and Remedia l Options
ai Solvent Sites for a d i s cus s ion of a d d i t i o n a l VOC t r e a t m e n t
technologies . I t s h o u l d be noted t h a t t h i s comprehensive
document, which identifies additional VOCs and
technologies , may be appropr ia te to consider on a site-
specific basis.

T h e r m a l T rea tmen t Technologies: The site m a n a g e r
s h o u l d refer to E P A ' s Draf t Strategy for Combus t ion of
Haza rdous Waste ( M a y 18, 1993) when considering any
thermal t reatment technologies at a par t icular site.

Conclusion

For sites containing VOC-contaminated soil and
appropriate soil characteristics, SVE is a relatively
inexpensive and efficient technology. If material needs to
be excavated, t he rma l desorption is preferred. In a few
cases, incineration may be the most appropriate remedy -
- for example, where SVE and thermal desorption will not
meet clean-up criteria based on contaminant concentrations
or composi t ion.

As remedies other t han SVE, thermal desorption and
incineration become more widely used in the future, th is
directive may be modified to reflect these trends. For
further assistance on presumptive remedy related activities
consult the Regional Presumptive Remedies contact.

Notice:

The policies set out in this document are intended solely as guidance to the U.S. Environmental
Protection Agency (EPA) personnel; they are not final EPA actions and do not constitute rulemaking.
These policies are not intended, nor can they be relied upon, to create any rights enforceable by any party
in litigation with the United States. EPA officials may decide to follow the guidance provided in this
document, or to act at variance with the guidance, based on an analysis of specific site circumstances.
EPA also reserves the right to change this guidance at any time without public notice.



TABLE 3
Comparison of Technologies for VOC Sites

PERFORMANCE* ADVANTAGES LIMITATIONS COSTS'1

.o
o

a
o
V)

Can be as high as 99%
removal of VOC
contaminants but is
typically lower than other
technologies with range of
85-99%

• High level of effectiveness in removing VOCs.
• Relatively inexpensive.
• Little site disturbance; no excavation required.
• Effective for waste under buildings or other

construction.

• Soil that is tight or has high moisture content (>50%) has a reduced permeability to air,
hindering the operation of SVE.

• Soil with a high degree of heterogeneity has highly variable permeabilities, resulting in
uneven delivery of gas glow to the contaminated regions, which in turn reduces removal
rates by SVE.

• Soil with high organic content or that is extremely dry has a high sorption capacity (or VOCs,
which results in reduced removal rates. i

• SVE may require treating residual soil tailings, liquids, and spent activated carbon.
• Air emissions must be controlled to eliminate possible harm to the public and the

environment.
• SVE is not effective in the saturated zone. However, lowering the aquifer can expose more

media to SVE (this may address concerns regarding LNAPLs).

SI 0-150/ton

95-99% removal of VOCs • All compounds that are listed on Table 2 are
readily treated by thermal desorption.

• Because of lower treatment temperatures and
often lower oxygen levels, thermal desorbers
should produce less nitrogen oxides and sulfur
dioxide than incinerators.

• Process can be performed onsite or off site.
• Lower temperatures produce fewer products of

incomplete combustion (PICs).

1 Requires excavation. If contamination is very deep or below the water table, excavation may
be difficult and expensive.

1 Mercury, if present, can be removed from soil by thermal desorption and impose additional
treatment costs for the offgas.

' Soil containing high fractions of clay or silt may result in a high percentage of paniculate
carry-over from the desorber into downstream treatment devices.

> Soil that contains constituents greater than 1 to 2 inches in diameter will require screening or
crushing to prevent jamming the mechanical equipment.

• Soil with a high moisture content (>30%) can result in low processing rales, high operating
costs, and difficulty in materials handling.

• High or tow pH wastes may corrode the metal components of the system, requiring
pretreatment.

• Potential process residuals are treated solids, oversized debris, condensed contaminants and
water, paniculate control system solids, and contaminated activated carbon

> Air pollution control system required.

S200-300/IOI!

>99% removal of VOCs ' Capable of accepting a wide range of media.
• Processes can be performed onsite or offsile.
< Metals can be concentrated in the residuals.

• Requires excavation. If contamination is very deep or below the water table, excavation may
be difficult and expensive.

• Soil containing high fractions of clay or silt may result in a high percentage of paniculate
carry-over from the incinerator into downstream treatment devices.

• Air pollution control equipment is required.
• High treatment temperatures, as compared to thermal desorption, can produce nitrogen

oxides, sulfur dioxides, and PICs.
• Solids with volatile metals may require additional treatment or more elaborate air pollution

equipment.

S200-

1700/ton

NOTES:

(1) Actual performance and cost for any remediation technology is highly site specific. Both depend upon the original and target clean-up level concentrations of contaminants, soil quantity 10
be treated, soil characteristics, and the design and operation of the remediation technology equipment used.



TABLE 4
Information Required for Characterization and Technology Selection at VOC Sites

INFORMATION RATIONALE FOR COLLECTING INFORMATION REFERENCE

All Technologies:

Site Geology

USGS Soil Classification

Soil Moisture

Depth to Ground Water

Contaminant Identity
and Properties

SVE is most effective in porous, permeable, homogeneous soil. Highly heterogeneous soil (i.e., fractured porous rock or
sands interspersed with clay lenses) may exhibit air flow channeling through highly permeable soils. Also, desorption kinetics
may be slow in some situations (i.e., high organic content or high clay content soil). In these cases, mass transfer kinetics
may reduce the rate of removal of SVE below that which is expected by calculations with a local equilibrium model or pilot
scale experiments carried out for only a few days. Often diffusion kinetics limitations can be substantially reduced by proper
design of the SVE facility.

For SVE to be effective, the soil must have sufficient pneumatic permeability (>108 cm2) to permit air to move through the
medium. Sandy, gravely soils are the most conductive to SVE, while clays and sills are less conductive. However,
remediations using SVE in clays and silts have been successful. Soil permeability may need to be measured in the field.

High moisture content in soil may drastically decrease its air permeability and, thus, the effectiveness of SVE. The site must
be sufficiently well drained to prevent the severe reduction in air permeability, which occurs when the percent water saturation
of the soil is greater than 50%. Conversely, organics can be strongly adsorbed onto extremely dry soils, which also impedes
SVE. The moisture content of the soil will affect the amount of energy required to heat the soil, the target temperature and
the handling properties of fine-grained soil. Thermal desorption requires that the moisture content of the soil be less than
30%.

SVE is not effective in saturated soil. However, the water table can be lowered by pumping. Thermal desorption and
incineration are more expensive for high moisture soil.

Boiling Point - Thermal desorption target temperature is dependent on contaminant boiling point.
Vapor Pressure - SVE is effective for compounds with a vapor pressure greater than 0.5 mm Hg at soil temperatures.
Dimension|e$s H.enry'5 Constant - SVE is effective for compounds with a dimensionless Henry's constant higher than 0.01 ai
soil temperatures.
Wa\er Solubility - SVE is more successful for componds with lower solubilities.
Liquid and Vapor Density - A contaminant with a density greater than water may form a DNAPL. A contaminant with a density
less than water may form an LNAPL. The Dow characteristics of a compund's vapor for SVE is a function of its vapor density.

Guidance for Conducting Remedial
Investigations and Feasibility Studies

under CERCLA (pp 3-3 to 3-20)

EPA/540/G-89/004

ASTM D 2487

ASTM D 2488

ASTM D 2216
ASTM D 301 7

Guidance for Conducting Remedial

Investigations and Feasibility Studii",

under CERCLA (pp. 3-3 to 3-20)
EPA/540/G-89/004

CRC Chemical Handbook



TABLE 4
Information Required for Characterization and Technology Selection at VOC Sites

(Continued)

INFORMATION RATIONALE FOR COLLECTING INFORMATION REFERENCE

All Technologies: (continued)

Contaminant Concentration,
Location, Volume, and Depth

Presence of Pipes or Subsurface
Material

These data can be gathered via soil matrix and/or soil gas sampling. Soil gas sampling, both shallow and at depths, may
be more appropriate, given depth to ground water and stratigraphy.

»

The presence of water or electircal conduits, soil fracture lines, debris, or any other objects that are more permeable than
the surrounding soil will be the preferred pathway for the advecting gases.

Guidance for Conducting Remedial
Investigations and Feasibility Studies
under CERCLA (pp. 3-3 lo 3-20)
EPA/540/G-89/004

Geotechnical Techniques

SVE Only:

SoiiyAir Filled Porosity

Soil/Air Permeability

Soil Temperature

Soil Humic Content

Contaminant Soil Sorption
Coefficient Kd (Since Kd is less
readily available, Koc, the
equilibrium between contaminants
sorbed onto organic carbon versus
the ground water is used.)

Contaminant Adsorption
Characteristics on Activated
Carbon

Porosity should be less than 40% for SVE to be effective.

Soil/Air Permeability should be greater than 10* cm2 for air to move throughout the contaminated soil. SVE is potentially
effective in less permeable soul (i.e., between 10 * to 10'° cm2), but further pilot-scale testing and/or mathematical
modeling is recommended to better predict the time for cleanup (which is likely to be prolonged for lower permeability soil).

Contaminant vapor pressure, dimensionless Henry's Law constant, water solubility, and phase density are strong functions
of temperature.

Solvents adhere strongly to soil with high humic content, which decreases the effectiveness of SVE.

This parameter describes the tendency of the solvent to sorb onto soil or organic matter in the soil. Higher Koc's indicate
that a subsurface is more likely to bind to carbon righ media (i.e., soil) than to remain in water.

This parameter is related to the feasibility of removing contaminants from residuals by carbon adsorption. This parameter
is important since compounds such as MEK become unstable as they are adsorbed onton carbon.

Guidance for Conducting Remedial
Investigations and Feasibhtiy Studios
Under CERCLA (pp. 3-3 to 3-20)
EPA/540/G-89/004

Guidance for Conducting Remedial
Investigations and Feasibility Studies
under CERCLA (pp. 3-3 to 3-20)
EPA/540/G-89/004

Guidance for Conducting Remedial
Investigations and Feasiblitiy Studies
Under CERCLA (pp. 3-3 to 3-20)
EPA/540/G-89/004

Guidance for Conducting Remedial
Investigations and Feasibliliy Studies
Under CERCLA (pp. 3-3 lo 3-20)
EPA/540/G-89/004

RREL Trealability Database

RREL Treatability Database



TABLE 4
Information Required for Characterization and Technology Selection at VOC Sites

(Continued)

INFORMATION RATIONALE FOR COLLECTING INFORMATION REFERENCE

Incineration and Thermal Desorption Only:

Soil Plasticity

Soil BTU Content

Contaminant Combustion
Characteristics

Soil Particle Size Distribution

Alkaline Metal Salts
(e.g., NaSO,, KSO.)

Volatile Metals Content
(e.g., Hg, Pb, Cd, Zn, Sn)

Plastic soil, when subjected to compressive forces, can become molded into large particles that are difficult to heat.

>

The soil BTU content determines the fuel requirements for thermal desorption and incineration.

Information on combustion characteristics of a VOC is required in order to determine the combustion characteristics of the
incinerator.

Thermal desorption usually requires that soil be pretreated to a maximum soil particle size ranging from 1 to 2 inches.

Alkaline metal salts may cause refractory attack and slagging at high temperatures.

High metal content may cause ash leaching and stack emissions problems.

Guidance for Conducting Remedial
Investigations and Feasibility Studies
under CERCU (pp. 3-3 \o 3-20)
EPA/540/G-89/004

ASTM D 3286

Bench/Pilot Testing

ASTM D 422

Percentage of Na, K

Heavy Metals Analysis

BTU = British Thermal Units
LNAPL = Light Nonaqueous Phase Liquid

DNAPL = Dense Nonaqueous Phase Liquid
mmHg = millimeters of mercury pressure
NAPL = Nonaqueous Phase Liquid
PIC = Products of Incomplete Combustion



APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

This Appendix summarizes the analyses that EPA conducted of Record of Decision (ROD) and
Feasibility Study (FS) data from VOC-contaminated sites which led to establishing soil vapor extract ion
(SVE) , thermal desorpt ion, and incineration as the presumptive remedies for Superfund sites with VOC-
contaminated soil. The analyses consisted of:

• Identifying VOC-contaminated sites
• Determining the frequency of technology selection for VOC sites
• Identifying sites for the feasibility study (FS) analysis
• Conducting the FS analysis.

Results of these analyses, along with the scientific and engineering analysis of the performance data
on technology application (Primary Reference document), provide a support for the decision to eliminate
the initial alternatives identification and screening step for this site type. These technical reviews found
that certain technologies are appropriately screened out based on effectiveness, implementability or
excessive costs. Review of technologies against the nine criteria led to elimination of additional
alternatives. Provided below is a discussion of each analysis.

Identification of VOC-Contaminated Sites

The first analysis involved generating a list of signed Records of Decision (RODS) (post-SARA),
documenting VOC contamination, from which data could be used for subsequent analyses. The ROD
Information Directory database was used for this purpose. Of the 821 signed FY86-FY91 RODS, 418
are identified in the database as containing VOC contamination in source material. This list of RODS
was subsequently divided into two lists: RODS where VOCs were the only contaminants of concern
identified in the source material and RODS containing VOCs, as well as other contamination, in source
material. For those RODS involving VOC plus other contaminants, a review of the ROD document was
conducted to identify cases where only VOCs were driving the selection of remedy. To make this
determination, the Remedial Response Objectives and Selected Remedy sections of the ROD were
reviewed to identify specific language indicating that the remedial action was designed to address only
the VOCs at the site. In addition, if cleanup goals were specified only for VOCs, the assumption was
made that VOCs were driving the remedy.

As a result of this analysis, 88 RODS were identified as VOC-only RODS or VOCs plus other
contaminants RODS where a clear determination could be made that VOCs were driving the selection
of remedy.

Frequency fo Technology Selection for VQC-Contaminated Sites

Table 1 presents the distribution of the 88 FY86-FY91 RODS among the treatment technologies used
to address VOCs in soil. This table demonstrates that the three presumptive remedies (SVE, thermal
desorption, and incineration) together were selected more often (over 90% of the RODS analyzed) than
the other applicable technologies. Presumptive Remedies were also those remedies where a fair
amount of performance data on technology implementation was available. Furthermore, SVE, chosen
in over two-thirds of the RODS analyzed, was the primary presumptive remedy selected.

Identification of Sites for Feasibility Study Analysis

The purpose of the FS analysis was to document the technology screening step in FSs of VOC-
contaminated soil/sludge sites and identify the principal reasons given for eliminating technologies from
further consideration. To achieve a representative sample of FSs for the analysis, sites were selected
using ROD data according to the following criteria:

13



APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE RFMEDIES

(Continued)

Table 1

Presumptive Remedy VOC Site Treatment
Summary Table, FY86-FY91*

TECHNOLOGIES USED TO
ADDRESS VOCs IN SOIL

Bioremedietion(1)

Incineration

Soil Flushing/Washing (1)

Soil Vapor Extraction
(2)

Thermal Treatment

Total

TOTAL

3

11

3

62

9

88

Source:
Notes:

ROD Information Directory (RID), FY86 - FY91
(1) Relatively limited amount of performance data available for these technologies

versus the presumptive remedies.
(2) Thermal treatment includes RODS employing thermal desorption, thermal aeration,

low-temperature thermal desorption, and the generic remedy "thermal treatment".

A population of 418 RODS was identified for this study based on the parameters: FY 1986-1991,
and VOC contamination of source media.

Sites were chosen, based on the selected remedy, to ensure an even distribution among the five
treatment technologies for VOCs in soil (i.e., bioremediation incineration, SVE, soil flushing, and
thermal treatment).

Whenever possible, both VOC-only sites and VOC and other contamination sites were represented
under each technology.

Sites were selected to ensure an even distribution in geographic location, ROD signature date,
and site size.

Feasibility Study Analysis

The FS analysis involves a review o! *bs technology screening phase, including any pre-screening steps,
followed by a review of the detailed analysis and comparative analysis phases in each FS and ROD.
Information derived from each review was documented on site-specific data collection forms, which are
available for evaluation as part of the Administrative Record for this directive. (See "Feasibility Study
Analysis for CERCLA Sites with Volatile Organic Compounds in Soils", September 1993, available at EPA
Headquarters and Regional Offices.)

14



APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

(Continued)

For the screening phase, the full range of technologies considered was listed on the data collection forms,
along with the key reasons given for eliminating technologies from further consideration. These reasons
were categorized according to the screening criteria: cost, effectiveness, or implementability. The
frequency with which specific reasons were given for eliminating a technology from further consideration
was then tallied and compiled into a screening phase summary table (Table 2).

For the detailed analysis and comparative analysis, information on the relative performance of each
technology/alternative with respect to the nine NCR criteria was documented on the site-specific data
collection forms. The advantages and disadvantages associated with each clean-up option were
highlighted. In some cases, a VOC technology was combined with one or more technologies that address
minor site contaminants into one or more alternatives. Only the component of the alternative which
addressed the VOC contamination was evaluated in this analysis. The disadvantages of a technology/
alternative were then compiled into a detailed analysis/comparative analysis summary table, under the
assumption that these disadvantages contributed to non-selection. All summary tables are available for
review as part of the Administrative Record.

The FS analysis has been completed for 21 sites (representing approximately 25% of universe studied).
The information from these FSs has been compiled and summarized in Table 2. Additional FS analysis
is planned and will be added to the Administrative Record, when available. Table 2 demonstrates that
technologies, other than the presumptive remedies, are consistently eliminated from further consideration
in the screening phase due to effectiveness, implementability, or excessive costs. In addition, the
analysis indicates that, although certain technologies routinely passed the screening phase, these
technologies were selected infrequently because they did not provide the best overall performance with
respect to the nine criteria. Together these analyses (Appendix A to this directive and "Feasibility Study
Analysis for CERCLA Sites with Volatile Organic Compounds in Soils"), along with the scientific analysis
of performance data (USEPA (In Progress) Contaminants and Remedial Options at Solvent Sites) will
support the decision of using presumptive remedies and bypassing the technology identification and
screening step for a particular site. As previously indicated, this factsheet and accompanying analysis
should be part of the Administrative Record for the site. Further supporting materials, not found in the
Regional files, can be provided by Headquarters, as needed.
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TABLE 2 • SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES'
REMEDIAL

TECHNOLOGY

OR /

Capping

Offsite
Nonhazardouj
Landffl

Offsite RCRA

Disposal

Onsite

Encapsulation

Onsite
Nonhazardous
Landfill

Onsite RCRA
Landfill
Activated
Sludge

Composting

Land
Farming
Bioremediation
(unspecified)
Ex-Situ
Bioremediation
In-Situ
Bioremediation

Dechlorination
APEG

21

4

18

3

2

14

1

4

3

6

7

11

3

w*
8

0

12

1

0

1

0

1

0

0

1

1

0

7

2

4

2

1

11

1

3

3

6

6

10

3

/j^A,/c^/<yf/f/^/y
/ty\$

6

2

2

0

1

2

0

0

0

0

0

0

0

1

0

1

1

0

0

0

0

0

0

2

2

0

/ yr#FS«Where
& /̂Criterion Contributed /

<^£ To Screening Out •$/&

$s

A

6

2

3

1

1

8

1

3

1

5

5

9

3

2

1

3

0

1

7

0

0

1

4

2

4

1

0

0

2

0

0

0

0

0

0

0

1

0

0

*?
8

0

10

1

0

1

0

1

0

0

0

0

0

/ / / #RODs WHERE CRITERION CONTRIBUTED TO NON-SELECTION

*y^V^

5

0

3

0

0

0

0

0

0

0

0

0

0

/
3

0

6

0

0

0

0

0

0

0

0

0

0

*#
7

0

7

1

0

1

0

0

0

0

0

0

0

4
6

0

3

0

0

0

0

0

0

0

0

0

0

/,
' 6

0

9

0

0

1

0

1

0

0

0

0

0

,
3

0

5

0

0

1

0

0

0

0

0

0

0

s
1

0

7

0

0

0

0

1

0

0

0

0

0

r
—

—

—

—

—

—

—

—

—

—

—

—

—

#
—

—

—

—

—

—

—

—

—

—

—

—

—



TABLE 2 • SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued)1

REMEDIAL / rf
TECHNOLOGY /&$'

OR /^J/&
TREATMENT2 / <£%&(

Other Chemical
)estruction

Reduction

Neutralization

Oxidation

Offsite
Incineration
(unspecified)
Onto
Incineration
(unspecified)

Fluidized
Bed

Infrared

Pyrolysis

Multiple
Hearth
Rotary
Kiln
Other
Incineration

Other Thermal
Treatment

3

7

6

6

16

7

5

5

3

5

11

13

6

0

0

0

1

7

1

0

1

0

0

6

1

0

3

6

6

5

8

6

4

4

3

4

3

12

6

/M// /#FSsWhere
'A ji/Crterion Contributed /
f j/S To Screening Out VjZ?

/ / / #RODs WHERE CRITERION CONTRIBUTED TO NON-SELECTION
/£ >>/

0

1

0

0

1

0

1

0

0

1

2

0

0

0

0

0

0

5

2

3

2

2

2

3

5

2

3

5

5

4

5

3

1

2

1

4

2

6

4

0

1

0

0

2

5

2

1

1

1

3

5

3

0

0

0

0

0

0

0

1

0

0

2

1

0

0

0

0

1

7

1

0

0

0

0

4

0

0

0

0

0

0

2

0

0

0

0

0

1

0

0

/
0

0

0

0

0

0

0

0

0

0

0

0

0

%
0

0

0

0

1

0

0

0

0

0

0

0

0

4
0

0

0

0

0

0

0

0

0

0

0

0

0

s,
0

0

0

1

7

1

0

0

0

0

5

0

0

+
0

0

0

1

6

1

0

0

0

0

3

0

0

s
0

0

0

1

2

0

0

0

0

0

4

0

0

4

—

—

—

—

—

—

—

—

—

—

—

—

—

^;
—

—

—

—

...

—

—

—

—

—

—

—

—



TABl E 2 • SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued)1

REMEDIAL / *///&S
TECHNOLOGY /^$#/&J'

Vitrification

Wet Air
Oxidation
LowTemperatute
Thermal Dejorp/
Stripping

In-situ Steam
Stripping
Soil
Flushing
Soil
Washing

In-situ Vacuum
Extraction

B.E.S.T.
Process

Liquified
Gas
Other Physica
Extraction

Fixation

Stabilization/
Solidification

Aeration

12

6

13

3

15

14

17

1

1

4

7

13

12

0

1

10

2

3

2

11

0

0

0

1

2

2

11

5

3

1

12

12

6

1

1

4

6

7

10

1

0

0

0

0

0

0

0

0

0

0

4

0

2

1

1

0

0

1

0

0

1

0

0

0

1

/ SttFSt Where
'A « ./Criterion Contributed /
P'/y To Screening Out V/J?

w*
8

4

1

1

9

10

6

1

1

3

6

6

9

5

3

2

0

5

9

2

0

1

0

0

2

2

'<//<y
0

0

3

2

0

0

10

0

0

0

0

0

\

^
0

1

7

0

3

2

2

0

0

0

1

2

\

s / / #RODs WHERE CRITERION CONTRIBUTED TO NON-SELECTION

^/
0

0

2

0

1

0

0

0

0

0

0

0

0

f
0

0

1

0

1

0

0

0

0

0

0

0

0

ty
0

0

1

0

1

1

0

0

0

0

1

2

0

4
0

1

2

0

2

0

1

0

0

0

1

2

1

^
0

1

7

0

2

2

0

0

0

0

0

2

1

+

0

1

3

0

1

2

0

0

0

0

1

0

1

s
0

0

4

0

3

1

2

0

0

0

1

2

0

4

—

—

—

—

—

—

—

—

—
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TABLE 2 • SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued)1

REMEDIAL
TECHNOLOGY

#RODs WHERE CRITERION CONTRIBUTED TO NON-SELECTION

'S
In-situ
Hydrolysis

Soil
Slurries

' This study was conducted on 21 RODs and their corresponding FSs.
1 This does not include the no-action or institutional control only alternatives. No RODs selected either of these as remedies.
3 FSs and RODs may contain more than one criterion for screening or non-selection of technology. Also, some FSs did not fully explain the criteria for screening out a technology. Thus, the totals for

screening and non-selection criteria are not equal to the number of FSs and RODs considered.
' Information on State and community concerns was not included in this analysis because FSs do not contain this information and RODs generally only
reference supporting documentation (i.e., State concurrence letter and responsiveness summary).



APPENDIX B
Criteria Evaluation for Technologies Used to Treat VOC-Contaminated Soil

_
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CRITERIA

Overall Protection of
Human Health and the

Environment

• Provides boih sliort-
and long-term
protection by reducing
concentration and
exposure to VOCs in
soil.

• Depending on site-
specific conditions,
prevents further ground
water contamination.

Compliance With
Federal ARARs

• Does not trigger LDRs
because it does not
involve placement of
waste.

• Because waste is
removed in place
through limited
construction and no
excavation, few impacts
to wetlands, floodplains,
or water quality are
likely.

• Depending on site-
specific conditions,
treats wastes to levels
that will prevent
exceedance of
groundwater clean-
uplevels.

• Emission controls are
needed to ensure
compliance with air
quality standards.

Long-Term
Effectiveness and

Permanence

• Effectively removes
contamination source.

• Is a well-demonstrated
technique for removing
VOCs from soil/sludge.

• Requires some
treatment of residuals
(spentcarbon or
concentrated VOC
waste stream)
generally through
regeneration or
disposal.

• Hazardous wastes left
in place will require 5-
year review.

Reduction of Toxicity,
Mobility, or Volume
Through Treatment

• Significantly reduces
toxicity, mobility, or
volume through treatment.

• Produces few waste
streams.

Short-Term
Effectiveness

• Does not present
substantive risks to on site
workers ir community;
potential for some dust
generation during well
installation.

• Potential air emissions are
easily controlled through
activated carbon adsorption
or other technologies.

• Generally involves
relatively short time frame
to achieve clean-up levels;
however, difficulty in
estimating time frame may
exist due to site
uncertainties (e.g., irregular
soil permeabilities).

• Effective (or treating waste
under buildings. Can be
performed on active
facilities.

• Hardware, such as vacuum
blower, is readily available
from many sources, but
SVE system performance
is highly dependent upon
the lithology of the site and
system design.

Implementability

• Few administrative
difficulties. Technology is
readily available from many
sources.

• Used successfully at
numerous Superfund iiics
(0 address VOC
contamination

« Installing and operating
extraction wells requires
fewer engineering controls
than other technologies
(i.e. .excavation and
incineration).

• Requires series of soil gas
sampling to determine
when clean-up levels art;
achieved.

Cost11'

SIO-lSO/Hin

$bO/loii iivq.

ISJ
O

1. Note: Actual cost of a remediation technology is highly site-specific. It is dependent upon the original and target clean-up level concentrations of contaminants, soil characteristics, and the
design and operation of the remediation technology used.



APPENDIX B

Criteria Evaluation for Technologies Used to Treat VOC-Contaminated Soil
(CONTINUED)
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CRITERIA

Overall Protection of
Human Health and the

Environment

• Provides boti- short-
and long-term
protection by
eliminating exposure
to VOCs in jilMudge.

• Prevents (uiviier
groundwater
contamination and
offsite migration.

• Requires measures to
protect workers and
community during
excavation, handling,
and treatment.

Compliance With
Federal ARARs

• Requires compOance
with RCRA removal.
treatment,
transportation (if offsite
treatment), and land
disposal regulations (if
a hazardous waste).

• Excavation,
construction, and
operation of onsite
treatment unit may
require compliance
with wetlands and
other location-specific
ARARs.

• Treats hazardous
waste to BOAT levels;
thus, there is no LDR
problem with residuals.

• Generally, treats
wastes to levels that
will prevent
exceedance of ground-
water clean-up levies.

• Emission controls are
needed to ensure
compliance with air
quality standards.

Long-Term
Effectiveness and

Permanence

• Effectively removes
contamination
source.

• Is a well-
demonsiraic;)
technique for
removing VOCs from
soil/sludge.

• Involves some
treatment or disposal
of residuals generally
through use of carbon
adsorption/regenerate
n or disposal.

Reduction of Toxicity,
Mobility, or Volume
Through Treatment

• Significantly reduces
toxicity, mobility, or
volume of contaminants
through treatment.

• Generally requires test
runs to ensure effective
treatment.

Short-Term
Effectiveness

• Presents potential short-
term risks to workers and
community from air
release during excavation
and treatment (if onsite
treatment).

• Involves potential short-
term risks from handling
and transporting waste (if
offsite treatment).

• Relatively short time
frame to achieve clean-up
levels.

Implementability

• Construction and
substantive permit
requirements ol an onsilc
treatment unit may
perseni some difficulties
Mobile incineration units
for onsile treatment ,ire
available.

• Limited offsite treatment
capacity exists.

• Used successfully at
other Superfund sites to
address solvent
contamination

• Requires engineering

measures to control air
emissions, fugitive
dust, run-off, erosion anrl
sedimentation, sue
access, and
transportation.

Cost111

S200-
S3UO/IUM

S2!iU/loM
jvy

1. Note: Actual cost of a remediation technology is highly site-specific. It is dependent upon the original and target clean-up level concentrations of contaminants, soil characteristics, and the
design and operation of the remediation technology used.



APPENDIX B
Criteria Evaluation for Technologies Used to Treat VOC-Contaminated Soil

(CONTINUED)

2
ID

o
"̂™

CRITERIA

Overall Protection of
Human Health and the

Environment

• Provides both short-
and long-term
protection by
eliminating exposure
to solvent
contaminants in soil.

• Prevents further
groundwaler
contamination and
offsite migration.

• Requires measures
to protect workers
and community
during excavation.
handling, and
treatment.

Compliance With
Federal ARARs

• Requires compliance
with RCRA removal,
treatment,
transportation (if offsite
treatment), and land
disposal regulations (if
a hazardous waste).

• Excavation,
construction, and
operation of onsite
incinerators may
require compliance
with wetlands and
other location-specific
ARARs.

• Treats hazardous
waste to BOAT levels;
thus, there is no LDR
problem with residuals.

• Treats wastes to levels
that will prevent
exceedance of ground-
water clean-up levies.

• Emission controls are
needed to ensure
compliance with air
quality standards
during excavation and
construction.

Long-Term
Effectiveness and

Permanence

• Effectively destroys
source of
contamination.

• Is a well-
demonstrated
technique for
removing VOCs from
soil/sludge.

• Involves some
treatment or disposal
of residuals generally
through use of carbon
adsorption/
regeneration or
disposal.

Reduction of Toxicity,
Mobility, or Volume
Through Treatment

• Significantly reduces
toxicity, mobility, or
volume of contaminants
through treatment.

Short-Term
Effectiveness

• Presents potential short-
term ristfs to workers and
community from air
release during excavation
and treatment (if onsite
treatment).

• Involves potential short-
term risks from handling
and transporting waste (if
offsite treatment).

• Relatively short lime
frame to achieve clean-up
levels.

Implementability

• Construction and
substantive permit
requirements ol an
onsite incinerator may
be somewhat difficult.
Mobile incinerators arc
readily available

« Limited offsile
incineration capacity
exists.

• Used successfully at
other Superlund sites
to address VOC
contnminaiion

Cost"1

s^oo-
S1700/lon

S400/KIM

;ivy

1. Note: Actual cost of a r.... mediation technology is highly site-specific. It is dependent upon the original and target clean-up level concentrations ol contaminants, soil characteristics, and the
design and operation of the remediation technology used.



APPENDIX C
U.S. Waste Exchanges

CALIFORNIA WASTE EXCHANGE
Robert McCormick
Department of Health Services
Toxic Substances Control Division
400 P Street
Sacramento, CA 95812
(916)324-1807

INDIANA WASTE EXCHANGE
Environmental Quality Control
1220 Waterway Boulevard
P.O. Box 1220
Indianapolis, IN 46206
(317) 232-8188

INDUSTRIAL MATERIAL EXCHANGE
SERVICE
Diane Shockey
2200 Churchill Road, #31
Springfield, IL 62794-9276
(217) 782-0450
FAX: (217) 782-9142

INDUSTRIAL MATERIALS EXCHANGE
Bill Lawrence
172 20th Avenue
Seattle, WA 98122
(206) 296-4899
FAX: (206) 296-0188

PACIFIC MATERIALS EXCHANGE
Bob Smee
1522 North Washington Street, Suite 202
Spokane, WA 99205
(905) 325-0551
FAX: (509) 325-2086

NATIONAL WASTE EXCHANGE NETWORK
1-800-858-6625

RENEW
Hope Castillo
Texas Water Commission
P.O. Box13087
Austin, TX 78711
(512) 463-7773
FAX: (512) 463-8317

INDUSTRIAL WASTE INFORMATION
EXCHANGE
William E. Payne
New Jersey Chamber of Commerce
5 Commerce Street
Newark, NJ 07102
(201) 623-7070

MONTANA INDUSTRIAL WASTE EXCHANGE
Don Ingles
Montana Chamber of Commerce
P.O. Box 1730
Helena, MT 59624
(406) 442-2405

NORTHEAST INDUSTRIAL WASTE EXCHANGE
Lewis M. Culler
90 Presidential Plaza, Suite 122
Syracuse, NY 13202
(315) 422-6572
FAX: (315) 422-9051

SOUTHEAST WASTE EXCHANGE
Maxi May
Urban Institute
Department of Civil Engineering
University of North Carolina
Charlotte, NC 28223
(704) 547-2307

SOUTHERN WASTE INFORMATION
EXCHANGE
Gene Jones
P.O. Box 960
Tallahassee, FL 32313
(904)644-5516
FAX: (904) 574-6704
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APPENDIX D
GLOSSARY

ADnlkable or R e l e v a n t and A p p r o p r i a t e R e q u i r e m e n t s
(ARARs) - C f i R C L A Section 121 (d) and the NCR require
tha i onsi te r e m e d i a l a c t i o n s m u s t a t t a i n (o r j u s t i f y a w a i v e r
o f l r e q u i r e m e n t s o f e n v i r o n m e n t a l l a w s t h a t a r e d e t e r m i n e d
to be Federal or more s t r i n g e n t State app l i cab le or r e l e v a n t
and a p p r o p r i a t e r e q u i r e m e n t s .

)ense N o n - A o u e o u s Phase L i o u i d ( D N A P I . 1 - D N A P L s
are immisc ib le h y d r o c a r b o n l i q u i d s that are denser than
water , such as c h l o r i n a t e d so lvents (e i ther as a s ingle
component or as m i x t u r e s of solvents), wood preservat ive
wastes, coal tar wastes, PCBs and some pesticides.
D N A P L s can sink to great depths, can penetrate into
bedrock f rac tures , can move as a l i q u i d in a d i r ec t i on
d i f f e ren t from the flow of g r o u n d w a t e r and can act as a
con t inua l source of e r o u n d w a t e r c o n t a m i n a t i o n over t ime.

Engineering Evaluat ion/Cost Assessment f E E / C A l -
An ana lys i s of removal a l ternat ives for non- t ime cr i t ica l
removal actions.

Ei-Situ Trea tment - R e m o v a l of mate r ia l from the g r o u n d
for t reatment .

Feasibility Study (FS1 - A description and analysis of the
potential clean-up a l t e r n a t i v e s for a site. It is genera l ly
conducted concur ren t ly with the remedial inves t iga t ion
(RI); together the studies are referred to as an RI/FS. (See
remedial investigation.)

In-Situ Treatment - The t reatment or remediat ion of
media occurring in-place.

Innova t ive Treatment Technologies -Technologies that
have been tested, selected, or used for treatment of
hazardous substances or con tamina ted materials but lack
wel l -documented cost and per formance unde r a va r i e ty
of operating conditions.

Land Disposal Res t r ic t ions IT,PRO - The Hazardous
and Solid Waste A m e n d m e n t s ( H S W A ) to the Resource
Conservation and Recovery Act ( R C R A ) include specific
restrictions on the land disposal of RCRA hazardous
wastes. These res t r ic t ions , k n o w n as LDRs, p r o h i b i t the
land disposal of restricted R C R A hazardous wastes unless
these wastes meet t r ea tmen t s tandards specified in 40 CFR
268 or other compl iance options.

L i g h t N o n - A q u e o u s Phase L iqu ids H.NAPI . l - Like
DNAPLs, L N A P L s are immisc ib le l iquids , but are l ighter
than water and therefore float on water. As they are l ighter
than water, they are most frequently found at the g r o u n d -
water table/vadose zone, interface.

Record of Decision ( R O D 1 - A p u b l i c d o c u m e n t t h a t
e x p l a i n s the basis for se lec t ing the c lean-up a l t e r n a t i v e ( s )
t h a t v v i l l b e t a k e n o r served u n d e r C E R C L A .

R e m e d i a l Des igh i R D l - The r e m e d i a l a c t i o n t h a t i n v o l v e s
d e s i g n i n g and t e s t i n g t o d e t e r m i n e w h e t h e r t he r e m e d y
w i l l be e f f e c t i v e at a site.

R e m e d i a l I n v e s t i g a t i o n IRU- An in -dep th s tudy designed
to ga the r the data necessary to d e t e r m i n e the na tu re and
ex ten t of the t h r e a t posed by contamina t ion at a Superfund
si te . I t also helps to es tabl i sh the p r e l i m i n a r y cr i te r ia for
c leaning up the site in the FS and supports the t echn ica l
and cost analyses of the alternatives. It is generally
comple ted and combined wi th the FS and referred to as the
RI/FS.

Risk Assessment - The q u a l i t a t i v e and/or quan t i t a t i ve
eva lua t i on performed in an effort to define the risk posed
to h u m a n h e a l t h and/or the e n v i r o n m e n t by a c t u a l and
potential exposures to specific pol lutants in air, water, soil
or other media.

S u p e r f u n d Accelerated C l e a n u p Model fSACM 1 - An
i n i t i a t i v e designed to accelerate all aspects of the Superfund
clean-up process.

Vadnsp Zone - The zone in soil that lies above the
permanent water table.

Volatile Organic Compounds (VOCs) - Any organic
compound which readily dissipates into the air.
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